The relationship between C02 exchange rate (CER) (3, 6) . Also, Mahon and Hobbs (2) described considerable heritable variations in CER among pea varieties.
subsequently about 200 seedlings of each variety were transplanted to a fertilized field plot on May 25, 1982 and June 2, 1983 . The plots were well watered and supplied with adequate nutrients throughout the season. Details concerning growth analyses, CO2 exchange measurements, and irradiance measurements have been presented elsewhere (4) . The CER was determined by measurement of CO2 depletion over a 20-s interval in a portable Plexiglas cuvette enclosing an individual leaf in a stand. Leaf areas of individual leaves were determined from the linear relationship of area to the length x width x a constant (r2 = 0.99, standard error of the estimate = ± 15% ofthe mean). In addition, for estimation ofquantum flux (400-700 nm), a quantum sensor (Li-Cor Instruments, Lincoln, NB) was mounted outside the Plexiglas cuvette parllel to the leaf surface.
RESULTS AND DISCUSSION
Genetic means of crop improvement have resulted in greater harvest index, improved vigor, improved disease and pest resistance, and better adaptation to the environment. Nevertheless, Gifford and Evans (1) have pointed out that no increase in the leaf CER' under light saturation has occurred for many important crop plants through conventional breeding for improved yield. This may represent an important opportunity for geneticists and crop breeders since experiments conducted under CO2-enriched or O2-depleted conditions indicate that CER can be increased with significant gains in dry matter production in C3 crops (3, 6) . Also, Mahon and Hobbs (2) described considerable heritable variations in CER among pea varieties.
A major problem of concern here is whether a mutant variety possessing enhanced CER (due, perhaps, to diminished photorespiration) on the basis of laboratory or greenhouse criteria would express a recognizably improved CER under field conditions. Related to this problem is development ofsuitably sensitive methodology for estimation ofleafCER in the field. In a previous report (4) we described results using the CO2-depletion technique on stands of field-grown tobacco. We have extended the previous results in this paper with data collected over two seasons. Statistical comparisons of the mean CER values of two tobacco varieties are presented. These comparisons indicate that the method described is sufficiently sensitive to enable recognition of modest differences in CER between varieties in the field. showed a slightly higher mean rate than var. 1 and the difference was highly significant (Table I ). The LSD for the mean CER values of Table I is given by [(2.F.MSe)/n105 where F is the critical tabular value required to establish a significant difference for a desired confidence level (P) and appropriate degrees of freedom (dl), MSe is the error mean square, and n is the number of observations per variety. Assuming that the error mean square value in Table I is similar to that which would be observed for other varieties using the C02-depletion technique and a similar experimental protocol, then a LSD (P = 0. Unequal inputs of solar radiation among the sampling periods could account for differences in mean CER (Table II) . However, average irradiances during the times when CER determinations were performed were 418, 401, 352, and 293 w m 2 for 1982 and 1983 in periods I through III, respectively. Thus, the lower mean CER values for period III of 1983 were associated with lower irradiance but mutual shading of leaves may also have contributed to these lower mean rates.
These results provide an example of the 'paradox' frequently encountered in relating CER to growth (1). As observed previously (4), the ratio of total leaf area to total dry weight was always the same in the two varieties, but this ratio declined with time. Var. 2 did exhibit a slightly higher mean rate of canopy photosynthesis due likely to a greater association of high CER with larger leaves (compare Table I and Table II) . However, no significant difference between varieties in net assimilation rate was detected within the standard error ranges reported for any sampling period (Table II) . In theory, net assimilation rate should be accounted for by CER less that fraction of fixed carbon lost to dark respiration by nonphotosynthetic organs and by leaves at night. Within a sampling period the mean CER values are subject to bias, for example, since the conditions of irradiance prevailing during sampling will not likely mimic the conditions prevailing over the entire growth interval. Compensation for these biases across sampling periods would be difficult. Varietal losses to dark respiration may also vary independently of respective photosynthetic capacities. An interaction between genotypic variation in dark respiration and environment or stage of development could occur as well. Thus, assessment ofdark respiratory losses is recommended in attempting to relate CER to net assimilation rate. We observed that dark respiration by leaves was the same in vars. 1 and 2 (0.067 mg CO2 m-2 s ', SD = 0.025, n = 23 per variety).
The C02-depletion technique is attractive because of its directness, simplicity, dependability, low cost, and the use of brief assay time intervals that minimize environmental changes. In The results presented here and elsewhere (4) suggest that because of the great environmental and individual plant variability encountered in the field, large numbers of determinations ofCER are needed per variety to detect genetic differences among them. Field measurement of CER is thus not a practical or effective means of screening large numbers of varieties for higher photosynthesis and yield (2) . Prior laboratory, growth chamber, or greenhouse trials can assist in identifying relevant and desirable traits associated with CER among existing varieties or cell culture-derived lines (6) . The C02-depletion technique would then be useful in testing the performance of such potentially superior varieties in the field.
